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SPECIFICATION 
Coatings 

5 This invention relates to the provision of coatings on 
substrates by sputter ion plating. 

Sputter ion plating is a known coating technique 
for producing coatings of uniform thickness, high in- 
teqrity and good bond strength. It basically com- 
10 prises the transfer of material from a cathode to a 
substrate in the presence of a DC glow discharge in a 
soft vacuum chamber, the material being generated 
from the cathode by the action of ion bombardment, 
i e. sputtering, and ultimately diffusing to the sub- 
15 ctrate to form a coating thereon. If desired, sputter 
ion plating may be carried out in a reactive envlroa - 
mpnt so that the material generated from the cathode 
reacts with a reactive constituent thereof to form a 
coating that is chemically different from the cathode 
20 material. The latter procedure is known » 'rwctrve 
sputtering'. Sputter ion plating « described in detail 
in a number of references in the art, for example n 
-Wire Industry", 44. December 1977, pages 77 1 to 
. 777* Welding Institute Reprint, Advances in Surface 
25 Coating Technology - International Conference 
London 13-15 February 1 978, pages 53 - 59; and Pro- 
ceedings of 'IPAT' Conference, Edinburgh (June 
1977) ps. 177-186. 
Examples of coating materials that have been app- 
30 lied by sputter ion plating are aluminium, copper, 
nickel, titanium, niobium, molybdenum, stainless 
steel, aluminium bearing ferritic steel, CoCrAlY, 
titanium carbide, chromium carbide, tungsten car- 
bide and a mixed Ti/Ta carbide. In addition, alum.. 
35 nium oxide, titanium dioxide, aluminium nitride and 
titanium nitride have been applied by reactive sput- 
tering of the appropriate metal in the presence of 
oxygen of nitrogen as reactive constituent as apn- 
ropriate.Tungsten carbide can be applied by co 
40 sputtering tungsten and graphite, or hy 
[' sputtering of tungsten, e.g inahydroca bonatmos- 

■ phere. 

The invention is concerned with oo-sputtenng 

tungsten and carbon onto a substrate thereby i to pro- 
45 duce an erosion and wear resist* nt coating. Thus, the 
invention provides a method of fc rm.ng a coating on 
a substrate by sputter ion plating by generating a DC 
glow discharge under soft vacuum conditions in the 
presence of • he substrata and of a cathode compr.s- 
50 ing tungsten und cerbor therebvto release material 
at the cathode by ion bor,/ -rdmentjwh.^ 
material diffuses to the substrate to form the coating 
thereon, the conditions being such that the coating 
comprises a mixture of W ? C and W. 
55 The WjC, which Is not necessarily sto.chiomot ic, 
P rovrdesh;rdnes 8 inthecoatingandtheW P rov,des 

t« ductility. Coatings with useful properties may be 
\, echievedoverowiderangeofW 2 C:Wcompos,t.ons. 

•J The coatings may additionally include WC. 

t- 60 Preferably,theco-sputtcringofthetungstenand 

I the carbon is carried out using elemental W and C 

the latter, for example, being in the form of graphite. 
Ttie substrate may be a metallic substrate such as a 

steel in g. chrome steel), and may be an artefact re- 
v. 65 quired to have been erosion and wear resistant prop-. 
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erties such as a drill tip, a blade for a hacksaw oi a 
component for a pump (e.g. a slurry pump). 

If desired, the substrate may be provided with a 
layer tor improving the adhesion of the coating 
70 thereto. Such a layer may, for example, be in the form 
of a thin layer of nickel (e.g. of thickness 1 -2 M-m) pro- 
duced, for example by sputter ion plating. 

The invention will now be particularly described by 
way of example only with reference to the ac- 
75 companying drawing the sole figure of which is a 
schematic diagram of an apparatus for carrying out 
sputter ion plating. ... 

Referring to the figure, an earthed cylmdr.cal coat- 
ing chamber 1 is provided with an externally moun- 
80 ted resistance heater 2 having a cooling jacket 3. The 
coating chamber 1 has a gas inlet vent 4 with an 
associated baffle 5 and gas outlet vents 6 with assoc- 
iated baffles 7. The inlet vent 4 communicates with a 
getter chamber 8 provided with an inlet conduit 9 and 
85 the outlet vents 6 communicate with a pumping 
chamber 10 provided with a pumping port 11. 

A substrate 12 is mounted in the coating chamber 1 
and is electrically connected to a bias potential 
power supply (not shown) by a conductor 1 3 moun- 
90 ted in insulators 14 and 1 5 positioned in the walls of 
the pumping chamber 10. A cathode in the form of a 
series of target plates of which two 1 6 and 1 7 are 
shown is also mounted within the coating chamber 
1 The cathode (e.g. 16 and 17) is electrically connec- 
95 ted to a cathode power supply (not shown) by a con- 
ductor 18 mounted in insulators 19, 20 and 21 posi- 
tioned in the walls of the pumping chamber 10. 

In operation of the apparatus shown in the figure, 
an operating gas is supplied at the inlet conduit 9 
100 and, by operation of a pump (not shown) at the pum- 
ping port 1 1 , is drawn into the getter chamber 8 as 
shown by arrow a and thence into the coating 
chamber 1 via inlet vent 4. The coating chamber 1 is 
heated by means of the heater 2 in order to outgas 
105 I'm substrate 12, cathode (e.g. 16& 17) and evaporate 
any organic material. Undesired gas and vapour 
leave the coating chamber 1 via the outlet vents 6to 
enterthe pumping chamber lOand are removed via 
the pumping port 1 1 as shown by arrow b A high 
1 1 0 negative voltage is applied to the target plates (e.g. 
1 6 and 1 7 ) by means of the cathode power supply 
(not shown) to produce a glow discharge with net 
transfer of cathode material therefrom by sputtering 
onto the substrate 1 2 to provide a coating thereon 
115 External heating is not required at this stage smcethe 
process generates sufficient power to maintain the 
operating temperature. If desired, a negative bias 
may be applied to the substrate 12 during coating by 
meansofthebiaspotentialpoworsupplytnot 
1 20 shown). This is to density the coating by rcsputter. ng 
of deposited material and ion polishing. 



EXAMPLE 

General procedure 

1 25 The apparatus shown in the figure was used and 
the coating chamber 1 pumped down to 1 0-100 m 
torr pressure with a flowing high purity argon atmos- 
phere purified by passing over freshly deposited 
titanium. The coating chamber 1 was hooted to a 

1 30 temperature of around 300X to effect outgassinn o» 
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the substrate 1 2 and the cathode e.g. 1 6 and 1 7 and 
evaporation of any organic material. A high negative 
voltage (400 V to 1 000 V) was then applied to the 
cathode e.g. 16 and » 7 to produce a glowdischarge 

5 with net transfer of material therefrom to the sub- 
strate 1 2 to effect coating thereof. It desired, a nega- 
tive bias of 20 to 150 V was applied to the coated sub- 
strote 12 to denBify the coating. 
The aeneral procedure described above was used 

10 to coat a chrome steel substrate with a coating com- 
prising W 2 C and W. by using a cathode comprising 
elemental Wand graphite. 

CLAIMS 

15 1 A method of forming a coating on a substrate 
by sputter ion plating by generating a DC glow dis- 
charge under soft vacuum conditions.^ 
of the substrate and of a cathode compris ng tung- 
20 sten and carbon thereby to release mater ial at the 
cathode by ion bombardment, which released mat- 
erial diffuses to the substrate to form the coating 
thereon, the conditions being such that the coating 
comprises a mixture of W 2 C and W 
25 2, A method according to claim 1 wherein the 
tungsten and the carbon are each in elemental form 
in the cathode. , .... 

3. A method according to claim 2 wherein the 
carbon is in the form of graphite. 
30 4 A method according to any of the preceding 
claims wherein the substrate is a steel ^strate 

5 A method of forming a coating on a substrate 
substantially as described herein with reference to 

35 * I** A wted substrate made by a method accord- 
ing to any of the preceding claim. 
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